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Description

This invention relates to a microwave radiometer
suited to detect radiation emanating from a source,
such as objects illuminated by sunshine, and, more
particularly, to a system incorporating a microwave
antenna array for the detection of radiated power in
the microwave portion of the spectrum, the system
preferably including correlation and Fourier transform
circuitry coupled to the antenna array by a common
microwave feed for reduced complexity of the micro-
wave structure.

Various types of devices are employed for sens-
ing radiation emitted by distant objects. For example,
devices employing detectors of infrared radiation are
used in detecting the presence of radiators of infrared
radiation. In radio astronomy, RF (radio frequency)
telescopes employing an array of antennas detect the
presence of RF energy emitted by distant stars.

In the case of systems which are constructed for
the detection of energy in the microwave portion of
the spectrum, considerable microwave structure, in
the form of numerous waveguide components, has
been employed to connect various antenna elements
in an array of such elements to process microwave
signals received by the antenna elements. The signal
processing has involved the amplification of signals
of various microwave channels, as well as combina-
tion of the signals of the various elements to obtain di-
rectional information about the source of radiation.

A problem arises in that the microwave structure
which interconnects the various antenna elements in-
troduces excessive size, weight, and complexity to
the microwave radiometer. Such complexity is mani-
fested in numerous waveguides which interconnect
the antenna elements with signal processing equip-
ment.

In order to overcome this problem, and to provide
other related advantages, the present invention pro-
vides a microwave radiometer with the following fea-
tures:

- An array of antennas, each of said antennas

being a frequency scan antenna and providing
a limitation on bandwidth to the incoming radi-
ation, a separate passband being associated
with each orientation of a beam relative to said
frequency scanning antenna;

- a common microwave feeder;

- translation means connecting each of said an-
tennas to said common microwave feeder, said
translation means offsetting a carrier frequen-
cy of incoming radiation incident at each of said
antennas to an intermediate frequency, said
translation means outputting a different inter-
mediate frequency for each antenna to provide
a set of intermediate signals at specific inter-
mediate frequencies for the respective anten-
nas, said common microwave feeder summing
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together said intermediate signals to provide a
sum signal;

- correlator means coupled to said common mi-
crowave feeder adapted to provide an autocor-
relation of the sum signal; and

- signal processing means coupled to said corre-
lator means for outputting a measure of power
of the incoming radiation.

Aradar deflection and steering system with an ar-
ray of antennas, mixers associated to the antenna
elements, and a matched filter/correlator is disclosed
in US 3,546,700. Apart from relating to radar equip-
ment and not to a microwave radiometer, the under-
lying technology of this document avoids the frequen-
cy scan antenna approach. That is, only one beam
(which is electronically steered) can be emitted/re-
ceived at a certain point in time. Thus, the correlator
is a cross correlator, not an autocorrelator as provided
by the present invention.

A frequency-scanning radiometer per se is dis-
closed in US 4,654,666. This prior art radiometer uses
a spectrum analyzer to display the scene.

In advantageous embodiments of the present in-
vention, the antennas are each coupled to a common
microwave feeder by mixers which serve to translate
the spectra of received radiation at each of the anten-
nas to an intermediate frequency, there being a sep-
arate intermediate frequency for each of the anten-
nas.

The common feeder sums together all of the in-
termediate-frequency signals of the antennas to pro-
vide a sum signal. The sum signal is amplified and ap-
plied to a correlator which produces an autocorrela-
tion of the sum signal. With respect to the individual
intermediate-frequency components of the sum sig-
nal, the effect of the correlation operation is to pro-
duce crosscorrelations of the individual antenna sig-
nals. The components of the correlation function are
extracted and applied to a Fourier transformer to pro-
duce the power in the spectral portions of radiation re-
ceived at the antennas for each antenna beam. In the
case where each antenna is a frequency-scanning
antenna scanning in a direction perpendicularto a line
of the array of antennas, a two-dimensional array of
pixels associated with corresponding beam positions
is attained for an output image.

A feature of the invention is the reduction in the
amount of microwave components required to obtain
the power data of the radiation emitted by the source.
This feature is obtained by use of the common micro-
wave feeder in conjunction with the mixers and circui-
try which are able to extract data from the sum of the
antenna signals in the feeder. The correlator is con-
structed in a simple format wherein two tapped delay
lines feed signals in opposite directions, and wherein
square-law detectors are coupled to paired output
taps of the delay lines for multiplying tapped signals.
Banks of bandpass filters extract various compo-
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nents from the multiplications, which components are
obtained from the crosscorrelation of the many inter-
mediate-frequency signals of the respective anten-
nas.

The array of antennas can be simplified by thin-
ning the array by an arrangement wherein the set of
uniformly spaced antennas, sixty-four antennas by
way of example, can be replaced by a smaller set of
antennas, eight antennas, which are nonuniformly
spaced. The number of antennas, eight, is equal to
the square root of the original number of antennas.
The nonuniform spacing permits various combina-
tions of the eight antennas to provide a set of nested
interferometers having a complete set of baselines
ranging from the minimal spacing between two an-
tennas up to the length of the array. In this case, the
values of the intermediate frequencies are selected to
be proportional to the spacings between the anten-
nas of the thinned array. Any redundancy in interfer-
ometer pairs of antennas having the same baseline
appear at the same intermediate rrequency so as to
be combined in the correlation operation.

The foregoing aspects and other features of the
invention are explained in the following description,
taken in connection with the accompanying drawings
wherein:

Fig. 1 is a diagrammatic view of a radiometer of

the invention constructed with a thinned array of

antennas coupled via mixers to a common micro-
wave feeder for processing of received signals by

a correlator and Fourier transformer;

Fig. 2 shows lobes of a radiation pattern of a fre-

quency scanning antenna of Fig. 1 directed to-

wards a source of radiation;

Fig. 3 shows a side view of one antenna of Fig. 1

and beams of radiation therefrom;

Fig. 4 shows an end view of one antenna of Fig.

1 and beams of radiation therefrom;

Fig. 5 shows positions of antennas of Fig. 1 to ac-

complish a thinning of the array; and

Fig. 6 shows details of a correlator channel and

signal processing circuitry of Fig. 1.

With reference to Figs. 1 and 2, there is shown a
microwave radiometer 20 positioned for receiving mi-
crowave radiation emanating from a source 22 of
electromagnetic radiation. The source 22 may be a
man-made object such as an airborne vehicle, or a
natural object such as ground covered with foliage.
While the source 22 may emit radiation in various por-
tions of the electromagnetic spectrum, including the
infrared and the ultraviolet, the radiometer 20 is con-
structed in accordance with the invention for viewing
the microwave portion of the spectrum of radiation
emitted by the source 22.

The radiometer 20 comprises an array 24 of an-
tennas 26 which are coupled via a common feeder 28
to a correlator 30, and a signal processor 32 including
a Fourier transformer 34 coupled to the correlator 30

10

15

20

25

30

35

40

45

50

55

for obtaining the power spectrum of the microwave ra-
diation of the source 22. A set of mixers 36 connect
the antennas 26 to the feeder 28. The mixers 36
translate a frequency of radiation received by the re-
spective antennas 26 to a set of different intermediate
frequencies (IF), a specific IF for each antenna, by
mixing received radiation signals with respective ref-
erence signals provided by a reference frequency
generator 38.

The radiometer 20 is operable with an array of
equally spaced antennas, or a thinned array wherein
substantially fewer antennas are employed with var-
ied spacings between the antennas. In the thinned ar-
ray, the spacings are selected to provide a set of nest-
ed interferometer baselines which, while fewer than
the set of nested baselines present in an array of
equally spaced antennas, are adequate for defining a
set of beam positions unambiguously. The thinned ar-
ray is shown in Fig. 1, and is employed in the preferred
embodiment of the invention to reduce overall weight
of the antenna array, and to reduce complexity of
electronic circuitry used in processing the signals of
the various antennas.

The correlator 30 comprises a pair of tapped de-
lay lines 40 and 42 which are coupled to branches 44
and 46 of the feeder 28 by amplifiers 48 and 50. The
two branches 44 and 46 are coupled to a main portion
52 of the feeder 28 by a power splitter 54. Signals re-
ceived in the feeder 28 from the mixers 36 are applied
equally to the amplifiers 48 and 50 which amplify the
signals to a power level suitable for operation of the
delay lines 40 and 42. Signals outputted by the am-
plifiers 48 and 50 propagate in opposite directions
along the delay lines 40 and 42 to terminating loads
56 and 58, respectively, which loads are matched to
the respective lines to prevent reflection of the sig-
nals.

The correlator 30 further comprises a set of mul-
tiplier channels 60 which are connected to the delay
lines 40 and 42 by taps 62. The taps 62 each are con-
structed as a directional coupler for extracting a frac-
tion of the signal on each line 40 and 42. The taps 62
are arranged in pairs for applying signals from each
to the lines 40 and 42 to corresponding ones of the
channels 60. As will be described in further detail with
reference to Fig. 6, each of the channels 60 includes
a multiplier 64, a plurality of band-pass filters 66, syn-
chronous demodulators 68 and integrators 70, one of
each of these components being shown for simplicity
in a channel 60 of Fig. 1. In each of the channels 60,
the multiplier 64 receives the signals from a pair of
taps 62, multiplies the two signals together, and out-
puts the product to the filters 66. After filtering, vari-
ous correlation components, as will be explained
hereinafter, are extracted synchronously by the de-
modulators 68 with the aid of a set of reference fre-
quencies provided by the generator 38. Signals out-
putted by the demodulators 68 are at baseband, and
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are then integrated by the integrators 70 to provide
output signals of the correlator 30.

Each of the taps 62 is terminated with a load 72,
the loads 72 absorbing signals outputted at the taps
to prevent reflection of the signals back into the delay
lines 40 and 42. The signals outputted by the chan-
nels 60 of the correlator 30 constitute a set of terms
of a correlation function suitable for conversion, by
Fourier transformation, to the power spectrum of the
microwave signal emitted by the source 22.

With reference to Figs. 1-5, each of the antennas
26 is fabricated, by way of example, as a length of wa-
veguide 74 of rectangular cross section and having a
series of radiating elements for receiving incoming ra-
diation, the elements being formed as slots 76 in a
broadwall of the waveguide 74. The slots 76 are
spaced apart equally from each other to provide a fan
beam 78 of radiation at a central frequency of a band
of interest. At other frequencies of radiation, the fan
beam 78 is tilted about a longitudinal axis of a wave-
guide 74, as shown at 78A and 78B, the direction of
tilt depending on whether the frequency has in-
creased or decreased in the accordance with well-
known construction of beams by slotted antennas.
The fan beam 78 is narrowed, as viewed in the side-
view of Fig. 3, by increasing the length of the wave-
guide 74.

The source 22 is portrayed, by way of example,
as a scene including foliage and water in the form of
a pond located in a sandy region in front of the foliage.
This subject matter provides for a wide range of spec-
tral components of electromagnetic radiation. Upon
orienting an antenna 26 with the slots 76 facing the
source 22, a beam of the array 24 receives radiation
from the source 22.

Each of the antennas 26 is a frequency-scanning
antenna in the sense that a different frequency of ra-
diation provides for a different orientation of a beam.
The operation of the antenna 26 is reciprocal so that
the same beam pattern results either on transmission
or reception of radiation via the slots 76. Thus, a spe-
cific beam direction is associated with each frequen-
cy of microwave radiation received from the source
22. In the case of a small source of radiation (not
shown) such as an aircraft, the value of the frequency
received indicates the specific beam receiving the ra-
diation and, hence, the direction of the aircraft as
measured along the axis of the waveguide 26. This
corresponds to the x direction of the coordinate axes
shown in Fig. 2 at 80.

Upon placing a plurality of the waveguides 26
side-by-side to form the array 24, the fan beam 78, as
shown in the end view of Fig. 3, is broken into a set
of pencil beams 82 of which, by way of example, four
beams 82A-D are arranged side-by-side in the yz
plane. The tilted fan beam 78A of Figs. 3 and 4 is div-
ided into a set of beams indicated at 82A’-D’ . Thus,
the beams 82 radiate into a sector of space which may
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be described as a two-dimensional array of beams
identified by both the x and y coordinates. If desired,
the array 24 may be oriented such that a sector scan
in the x coordinate corresponds to elevation, and a
sector scan in the y coordinate corresponds to azi-
muth.

A feature of the invention, as has been noted
above, is the significant reduction in the weight and
physical size of the equipment of which the radiome-
ter 20 is composed. This is readily seen in Fig. 2
wherein the array 24 has been thinned by removal of
most of the antennas which would be present if the ar-
ray were composed of equally spaced apart anten-
nas. The antennas 26 in combination with mixers 36
and the common feeder 28 constitute the complete
microwave portion of the radiometer 20. The remain-
ing portion of the radiometer 20 is formed of electron-
ic circuitry which constitutes the correlator 30 and the
signal processor 32, the circuitry being enclosed con-
veniently within a case 84 affixed to the feeder
branches 44 and 46. The processor 32 outputs power
spectral data of the scene being viewed by the radio-
meter 20.

With respect to the thinning of the array, it has
been found to be useful to thin the array by a factor
equal to the square root of the number of antennas in
an array of equally-spaced antennas. For example, if
an array of equally spaced antennas were to include
256 antennas, then the thinned array would have 16
antennas. To simplify the description of the invention,
it is assumed herein that the embodiment of the in-
vention employs an array based on an equally-spa-
ced antenna array of 64 antennas, which number of
antennas has been thinned to eight antennas located
at the sites along the y axis depicted in Fig. 5. Only
five of the antennas 26 are shown in Figs. 1 and 2 to
simplify the drawing. The units shown along the axis
of Fig. 5 are multiples of the shortest interferometer
baseline; they may be any convenient unit of meas-
ure, such as a wavelength or one-half wavelength at
the center frequency of radiation.

In an array of equally-spaced antennas, every
pair of antennas constitutes an interferometer for
viewing incoming radiation. The spacing between the
antennas of the interferometer is the baseline of the
interferometer. In the case of the equally-spaced an-
tennas, all baselines are present from the shortest
baseline, between two successive antennas, to the
longest baseline, equal to the length of the array. It is
also apparent that there are numerous redundant in-
terferometers in the sense of plural interferometers
having equal baselines. In the arrangement depicted
in Fig. 5, there are no redundant interferometers, and
only approximately one half of the possible baselines
are present. However, the lengths of the available
baselines of the thinned array are distributed through-
out the total range of lengths, there being short, me-
dium, and long baselines. Long baselines are present



7 EP 0 335 942 B1 8

at or near the maximum values for resolution of points
of the source 22, while other values of baseline in-
cluding the smallest baselines are available for re-
solving any ambiguities associated with measure-
ments made by interferometers at the longer base-
lines. Thus, the array 24 provides two-dimensional
imaging data wherein imaging data measured along
the y coordinate axis corresponds to Fourier spatial
frequency, and wherein imaging data measured
along the x coordinate axis corresponds to the fre-
quency of radiation signals received at the array 24.
It is to be understood that the thinned array of Fig. 5
is presented only by way of example, and that addi-
tional antennas may be employed within the same
length of array so as to provide more values of base-
line for the nested interferometers, the increased
number of antennas also providing for redundancy in
some of the values of baseline.

With reference to Fig. 6, there are shown further
details in the construction of the multiplier channels
60 and the signal processor 32 of Fig. 1. The Fourier
transformer 34 of Fig. 1 provides for a two-dimension-
al transformation which is accomplished, as shown in
Fig. 6, by means of two discrete Fourier transformers
which operate in conjunction with two memories 90
and 92. The first transformer 86 produces compo-
nents of the power spectrum associated with the spa-
tial frequency spectrum along the y axis of the anten-
na array 24. The second transformer 88 produces
components of the power spectrum in the x direction
in correspondence with the spectral distribution of the
beams 82 along an antenna 26. Power spectral data
may be presented on a display 94 coupled to an out-
put terminal of the transformer 88.

The memory 90 is employed for storing sets of
component values of the correlation operation output-
ted by each of the multiplier channels 60. Upon com-
pletion of the storage of a complete set of the corre-
lation component values, these values are then ex-
tracted in a desired order for use by the transformer
86. As is well known, the transformers 86 and 88 may
be constructed in the form of array transformers op-
erating in accordance with well-known Fourier trans-
form algorithms. Sets of Fourier transform compo-
nent values are outputted by the transformer 86 and
are stored in the memory 92. Upon completion of the
storage of a desired set of the component values of
the first transformer 86, these values can then be out-
putted from the memory 92 in a desired order for per-
forming the second Fourier transformation in the or-
thogonal coordinate by the second transformer 88.
Thus, it is seen that the memories 90 and 92 serve to
rearrange correlation and Fourier component values
to enable subsequent stages of Fourier transforma-
tion.

As noted above, each of the multiplier channels
60 comprises a plurality of the bandpass filters 66, a
plurality of the synchronous demodulators 68, and a
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plurality of the integrators 70. Each of the filters 66
has an input terminal coupled to a common output ter-
minal of the multiplier 64. The output terminal of each
filter 66 is then serially connected via a demodulator
68 to a corresponding one of the integrators 70. The
reference generator 38 provides both inphase and
quadrature reference signals to each of the demodu-
lators 68 to output on separate lines the inphase and
the quadrature components of the demodulated sig-
nal. The frequency of the inphase and quadrature ref-
erence signals applied to each of the demodulators
68 is equal to the center frequency of the passband
of each of the filters 66. While each of the demodu-
lators 68 is shown as a single block in Fig. 6, it is to
be understood that each of the demodulators 68 in-
cludes two sections, one for providing the inphase de-
modulation and the other for providing the quadrature
demodulation. Also, while each of the integrators 70
is shown as a single block in Fig. 6, it is to be under-
stood that each of the integrators 70 comprises two
sections, one for integrating the inphase component
and the other for integrating the quadrature compo-
nent of the demodulated signal. The inphase and
quadrature components outputted by each of the in-
tegrators 70 is applied to the memory 90.

In the fabrication of the multiplier 64, it is conve-
nient to use a nonlinear circuit element such as a PIN
diode wherein the sum of the two input signals to the
multiplier 64 is applied to the diode. The diode acts as
a square law detector. As is well known, the resulting
output signal of the diode contains a number of com-
ponents at different frequencies, which frequencies
are arithmetic sums of the frequencies of sinusoidal
waveforms appearing at the taps 62. Assuming that
each of the output components is of sufficiently nar-
row bandwidth so as to avoid overlapping spectral
portions, the product of any two of the sinusoidal wa-
veforms propagating in the delay lines 40 and 42 can
be selected by a filter 66 tuned to the specific fre-
quency of the desired product term. In the case where
several sinusoids of differing frequencies may be
present in each of the delay lines 40 and 42, compo-
nents of the product outputted by the multiplier 64 ap-
pear at many frequencies, this neccessitating a rela-
tively large number of filters 66, as will be described
subsequently, for capturing the various components
of the product.

In operation, the antenna array 24 cooperates
with the correlator 30 to provide a set of correlator out-
put signals suitable for the two-dimensional Fourier
transformation in the signal processor 32. In addition
to forming the beams, the antennas 26 also provide
a filtering function by limiting the bandwidth of radia-
tion present in any one of the beams 82.

The bandwidth limitation of an antenna 26 may
be understood by considering the numerous slots 76
arranged along the length of the waveguide 74. By
way of example, in the case of incident radiation at a
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nominal frequency of 10 GHz (gigahertz), wherein the
wavelength is one centimeter, an antenna length of
40 meters is equivalent to 4000 wavelengths. At a
nominal radiation frequency of 20 GHz, the equiva-
lent length of the antenna is 8000 wavelengths. The
slots 76 may be spaced apart with any spacing cus-
tomarily employed in the construction of slotted an-
tennas, such spacing being typically in the range of
one-half wavelength to one wavelength at the mid-
band frequency of the radiation. In the case of abeam
formed at a radiation frequency of 20 GHz, the beam
has a specific angle of orientation relative to the an-
tenna 26 for which all of the contributions of radiation
at the various slots 76 sums cophasally. A shiftin fre-
quency in excess of one part in 16,000 parts is suffi-
cient to introduce phase shifts of received radiation
in excess of 180 degrees resulting in destructive in-
terference. Thus, the band of frequencies for which
little attenuation occurs within the beam of radiation
would be approximately 1.25 MHz (megahertz). In
this way, the frequency scanning property of the an-
tenna 26 tends to limit the bandwidth of radiation re-
ceived in any one beam. In the foregoing situation, by
way of example, there would be significant attenua-
tion of frequency components near the edges of afre-
quency band of 2 MHz. Accordingly, in the ensuing
discussion, it may be presumed that for any signal re-
ceived in a fan beam 78 (Fig. 3) or in a pencil beam
82 (Fig. 2) at frequencies close to 20 GHz, that there
are no significant frequency components at the edge
of a band having a width of 2 MHz.

The foregoing frequency limitation produces an
interesting result, namely that a wide bandwidth radi-
ator of microwave radiation emits radiation which is
detectable within one, but only one, of the beams 82
of the array 24. The received frequency designates
which of the beams is directed towards the radiator
and, thereby, provides information as to the location
of the radiator.

The foregoing theory of frequency dependency
of the beams applies also to other embodiments of
the antennas 26. For example, the radiating elements
of the antennas 26 might have a configuration other
than slots, and may be fabricated as a set of discrete
radiators such as loaded stubs and cavity-backed
resonators joined by a common feed. Phase shifters
and delay elements may also be employed in the for-
mation of a beam. However, the foregoing relation-
ship of wavelength to antenna length provides for the
relationship or bandwidth to beam width. The forego-
ing discussion of the construction of beams has been
in terms of the coordinate along the axis of an antenna
26. Beams are also constructed along the y-coordin-
ate in the direction of the feeder 28 to give rise to the
two-dimensional array of beams 82 (Fig. 2). In the
case of the x-coordinate beam, summation of the con-
tributions of radiation signals at each of the slots 26
takes place within a waveguide 74. In the case of the
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formation of a y-coordinate beam, summation of the
contributions of radiant energy from each of the an-
tennas 26 takes place within the main portion 52 of
the feeder 28.

The frequency translation provided by the mixers
36 (Fig. 1) and the resultant product produced by a
multiplier 64 in one of the channels 60 (Fig. 6) may be
understood by consideration of signals provided by
two of the mixers 36. The signal appearing in one of
the beams 82 and applied by an antenna 26 to a mixer
36 has an amplitude A(t) which is a function of time,
t. The frequency is given by Fa. In addition, there is
a time varying phase p(t). The first of the two mixers
in this example employs a mixing frequency F1 pro-
vided by the generator 38 to translate the oncoming
signal frequency Fa to an intermediate frequency Fa
- F1. The amplitude function A(t) and the phase func-
tion p(t) are retained during this frequency transla-
tion. Similarly, at the second.of the two mixers, the
signal is translated to an intermediate frequency Fa -

F2 wherein F2 is a reference frequency applied to the
second mixer by the generator 38. Both output signals
of the two mixers 36 propagate through the feeder 28
into the delay lines 40 and 42 from which they are out-
putted at taps 62 to the multiplier 64.

Assuming, by way of example, that the multiplier
64 is located within the central channel 60, in which
case the signals propagating in the line 40 and in the
line 42 have equal delays, then the multiplier 64 re-
ceives two identical replicas of each of the IF signals
at the tap 62 of the line 40 and the tap 62 of the line
42. The multiplier 64 outputs a product of the signals
at the two taps 62 having components in a set of fre-
quencies including the original intermediate frequen-
cies, the difference between the intermediate fre-
quencies, and the sum of the intermediate frequen-
cies. One of the band pass filters 66 is tuned to the
difference frequency having the value F2 - F1, which
difference frequency is obtained in the multiplication
of the foregoing IF signals. In particular, it is noted that
the term Fa is not present in the difference frequency,
as may be ascertained by an algebraic subtraction of
the mathematical expressions for the two intermedi-
ate frequencies. The amplitude of the component of
the product appearing in the filter 66 is proportional
to [A(DI[A()], and the phase function is given by p(t)
- p(D).

In the foregoing example, the delays imparted by
the delay lines 40 and 42 to the IF signals have been
presumed to be equal. Accordingly, the values of t ap-
pearing in the amplitude and the phase functions out-
putted by the multiplier 64 are equal. However, in the
event that another pair of taps 62 of the lines 40 and
42 are employed, then, different values of t appear in
each factor of the product and in each term of the
phase function of the product. Thus, the amplitude
and the phase information appearing at the output of
a multiplier 64 differs for each of the channels 60.
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It is noted that, with respect to the pair of taps 62
in the middle of the delay lines 40 and 42 wherein the
delays are equal, the phase function cancels. There-
fore, it is understood that a simplified embodiment of
the invention can be constructed in which the delay
lines are omitted and only one multiplier channel 60
is present. In such an alternative embodiment of the
invention, the phase data associated with the fre-
quency scanning characteristic of the antennas 26
would be lost, and the radiometer would produce
beams in only one coordinate, the y coordinate, wnich
is the direction of the feeder 28.

With respect to the preferred embodiment of the
invention employing the delay lines 40 and 42, it is ob-
served that the removal of a center frequency term
from the output signal of each of the multipliers 64,
and the retention of amplitude and phase data in the
multiplier output signals enables the correlator 30 to
process signals received at different carrier frequen-
cies in the respective beams 82, thereby to enable the
outputting of power spectral data by the signal proc-
essor 32 as a function of beam position.

Selection of suitable values of reference frequen-
cies provided by the generator 38 to the mixers is ac-
complisned as follows. As described above, the allow-
ance of bandwidths of 2 MHz is sufficient for separa-
tion of the frequency bands associated with each of
the beams 82. If desired, an allowance of a wider fre-
quency band, such as 4 MHz may be employed to en-
sure further separation of the frequency bands asso-
ciated with each of the beams 82. In the operation of
the correlator 30, as noted above, a different inter-
mediate frequency is provided for each of the anten-
nas 26. As noted in the example above, it is assumed
that eight waveguides 26 are to be employed in the ar-
ray 24. Therefore, the amplifier 48 applies the sum of
eight IF signals to the delay line 40, and the amplifier
50 applies the sum of the same eight IF signals to the
delay line 42. Each of the eight signals comprises a
sinusoidal waveform with both amplitude modulation
and phase modulation given by the terms A(t) and
p(t). Operation of the multiplier 64 in each of the chan-
nels produces the product of the sum of the eight IF
signals times the sum of the eight IF signals, which
product comprises numerous components at various
frequencies. In particular, as noted above, these fre-
quencies are in the form of F2 - F1 wherein F1 is a ref-
erence frequency applied to one of the mixers 36 and
F2 is areference frequency applied to a second of the
mixers 36. With respect to the foregoing frequency
separation of 2 MHz between beams, this frequency
separation is to be employed in the selection of the
reference frequencies so that each of the difference
frequencies (Fi-Fj) is equal to the foregoing frequen-
cy separation or an integral multiple thereof.

A feature of the invention is the provision of dif-
ference frequencies (Fi - Fj) outputted by each of the
multipliers 64 wherein the values of the difference
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frequencies are proportional to the spacings between
the antennas 26 as measured along the y-coordinate
axis. In the case of an antenna array which has not
been thinned, in which all 64 antennas would be pres-
ent, difference frequencies produced by nested inter-
ferometers having the same baseline would be equal.
Equal difference frequencies are captured by the
same filter 66 in any one of the channels 60 to allow
for summation of all redundant signals produced by
redundant interferometric pairs of antennas. In the
case of a slightly thinned array, there is less redun-
dancy and, accordingly, less summation of redundant
signals by a filter 66 in a channel 60. In the thinned
array with antennas positioned, as described in Fig.
5 wherein the number of antennas is equal to the
square root of the number of antennas in a full (non-
thinned) array, there is no baseline redundancy as
has been noted above. However, the feature of selec-
tion of difference frequencies proportional to antenna
spacing is still useful for convenience in selecting val-
ues of the frequencies of the filters 66.

In the aforementioned example of a nominal ra-
diation frequency of 20 GHz with an antenna length
of 40 meters, the 2 MHz frequency separation is ob-
tained. However, it is to be understood that other nom-
inal values of radiation frequency and other antenna
lengths may be employed. For example, a radiation
frequency of 10 GHz and an antenna length of 80 me-
ters results in the same frequency spacing of 2 MHz.
A typical range of operation of the radiometer 20 is in
the range of frequencies from 12 GHz to 18 Ghz.

In accordance with the example of a radiation fre-
quency of 20 GHz, the generator 38 provides a refer-
ence frequency of 18.00 GHz to the first mixer 36, this
being the mixer at the left end of the array, as shown
in Fig. 5, and also shown at the top of Fig. 1. This ref-
erence frequency may be referred to as FO. The gen-
erator 38 provides a reference frequency F1 of value
18.002 GHz to the next mixer 36 located at one unit
from the left end of the array of Fig. 5. Since the array
24 is thinned, the next frequency F3 provided by the
generator 38 has a value of 18.006, which frequency
is applied to the mixer 36 located three units from the
left end of the array in Fig. 5. The subscript in the ex-
pression for the reference frequency refers to the lo-
cation of the mixer along the y axis. Similarly, the next
reference frequency F7 applied to the mixer 36 has a
value of 18.014 GHz. It is noted that, aside from a
fixed offset of 18 GHz, the frequency F3 has a value
equal to three times the above noted frequency sep-
aration between beams (2 MHz), and the frequency
F7 has a value of 7 times the frequency separation.
Similar comments apply to reference frequencies
F16, F27, F45, and F64 which are to be applied by the
generator 38 to the remaining mixers 36 coupled to
the remaining antennas 26 of the array 24. It is readily
verified by simple subtraction of any one of the fore-
going reference frequencies from any other one of
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these reference frequencies, that the resultant differ-
ence frequency, to be outputted by a multiplier 64,
has a value proportional to the difference between
the two antennas 26 associated with the two refer-
ence frequencies.

With respect to a correlation operation, it is well
known that the correlation of two waveforms can be
portrayed graphically by reversing one of the wave-
forms relative to the time axis, and then sliding one
waveform past the other waveform. At each position
occupied by one waveform relative to the other during
the sliding process, corresponding points of the wa-
veform are multiplied together and the resulting prod-
ucts are summed to give the value of one point of the
correlation function. Successive points are attained
with successive amounts of the sliding. Mathemati-
cally, the operations are represented as an integra-
tion of the product of the two waveforms for a contin-
uous set of values of the sliding function. In the dis-
crete case, the integration becomes a summation and
the sliding is quantized.

The correlator 30 operates in a more simple fash-
ion to obtain substantially the same result. Instead of
summing together the products of the multipliers 64
in each of the channels, the integrators 70 in each
channel 60 sums together successive products ob-
tained from the single multiplier 64 in that channel.

The equivalence between the operation of the
correlator 30 and the usual correlation process can be
explained as follows. A stored record of the IF signal
of each of the antennas 26 appears in both of the de-
lay lines 40 and 42. The delay time of the lines 40 and
42 is longer than the reciprocal of the bandwidth of the
signal in each beam 82 (Fig. 2), thereby to assure that
an adequately long section of each of the signal re-
cords appears in the delay lines 40 and 42 as is re-
quired for a correlation. In view of the fact that each
of the IF signals is a sinusoid having a substantially
constant amplitude and phase during an interval of
time equal to the delay of each of the lines 40 and 42,
it is apparent that the waveform of a stored IF signal
is symmetrical about a reversal along the time axis.
As a result, upon a listing of the products of each of
the multipliers 64 in the row of a matrix, with succes-
sive rows being filled with the products obtained dur-
ing successive shifts of the IF signals along the delay
lines 40 and 42, there is obtained a matrix listing of
all the products at a given difference frequency. The
matrix has symmetrical properties due to the symme-
try of the waveforms with the result that a summation
of the columns and a summation of the rows gives
comparable results. Therefore, the integrations of the
products of the multipliers 64 by the corresponding in-
tegrators 70 produces a result which is substantially
the same as that which would be obtained by a sum-
mation of the products of all of the multipliers 64 at
each position of shift of the waveforms in the delay
lines 40 and 42. Accordingly, the signals outputted by
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each of the channels 60 serve suitably as output
points of a correlation to be applied as a set of input
points to a Fourier transformer.

In the operation of each of the channels 60, there
are a sufficient number of the filters 66 such that each
of the filters 66 can be tuned to a different one of the
difference frequencies. With respect to the diagram
of Fig. 5, the center frequencies of the filters 66 cor-
respond to the difference in frequencies between F1
and FO, F3 and FO, F7 and FO, and so on for other val-
ues of the reference frequencies. Further values of
filter frequencies are given by (F3 - F1), (F7 - F1) ...,
(F7 - F3)..., (F16 - F7), (F27 - F7) ..., and further val-
ues as are taken by considering all of the difference
frequencies produced by the eight frequencies asso-
ciated with the arrangement of Fig. 5. In terms of the
foregoing example of reference frequencies output-
ted by the generator 38 to the mixers 36, the corre-
sponding difference frequencies to which the filters
66 are tuned are as follows (in MHz): 2, 4, 6, 8, 12,
14, 18, 22, and further values which are readily ob-
tained by measurement of the baseline distances be-
tween all of the pairs of the antennas 26 shown in Fig.
5. These values of reference frequency are outputted
by the generator 38 to each of the synchronous de-
modulators 68, there being both inphase and quadra-
ture reference signals supplied at each of the differ-
ence frequencies. The demodulators 68 extract base-
band components of the difference signals, which
components include data carried by the amplitude
function A(t) and the phase function p(t). The integra-
tion time of each of the integrators 70 may be on the
order of one to two seconds. Due to the relatively long
integration times, it is appreciated tnat the post detec-
tion bandwidth, as determined by the integration
time, is much smaller than the predetection band-
width, determined by the ratio of antenna length to ra-
diation wavelength. Thus, while the predetection
bandwidth is on the order of a megahertz, the post de-
tection bandwidth is on the order of a Hertz.

The long integration is particularly advantageous
for extracting relatively weak signals in the micro-
wave portion of the spectrum from a noise back-
ground. The combination of amplification by the am-
plifiers 48 and 50 plus other amplifiers (not shown) in
each channel 60 in combination with the narrow post-
detection bandwidth facilitates detection and recep-
tion of the microwave signals.

In the construction of the correlator 30, the num-
ber of channels 60 employed is a matter of design
choice. Preferably, the number of channels should be
equal to the number of separate values of baseline
provided by the various pairs of antennas in the set
of nested interferometers. The number of channels 60
actually shown in Fig. 1 is presented soley for purpos-
es of illustration, it being understood that many more
channels 60 would actually be employed. The output
signals of the correlator 30 are then applied to the sig-
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nal processor 32 for extraction of the power density
data for radiation received on each of the beams 82
in accordance with the operation of the Fourier trans-
formers 86 and 88 as has been described above.
Such transformation of correlation signals to power
spectrum signals is in accordance with the well
known Parseval’s theorem.

By virtue of the foregoing construction and theo-
ry of operation, there is provided a radiometer which
minimizes the amount of hardware, such as wave-
guides, employed in the construction of the micro-
wave portion of the radiometer at the expense of the
utilization of numerous filters, demodulators, and in-
tegrators in the lower frequency and baseband signal
operations. However, the necessary circuitry for the
lower frequency and base band signal processing op-
erations is readily constructed in the form of integrat-
ed circuits which can be attained in a lightweight com-
pact structure. It is also noted that the specific com-
ponents employed in the construction of the micro-
wave portion of the radiometer and of the delay lines
are a matter of design choice. For example, the feeder
28 can be constructed of rectangular waveguide or
coaxial cable, by way of example. The two parallel de-
lay lines may be fabricated of waveguide, strip line,
coaxial lines, or other suitable delay-line structure.
Only two microwave amplifiers are required in spite
of the many antennas and baselines, these two am-
plifiers being the amplifiers 48 and 50 which are con-
structed preferably of field-effect transistors. The ra-
diometer 20 provides a two-dimensional image in
terms of microwave power received in each of the
beam directions by the antenna array.

It is to be understood that the above described
embodiment of the invention is illustrative only, and
that modifications thereof may occur to those skilled
in the art.

Claims

1. Microwave radiometer (20) comprising:

- an array of antennas (26), each of said an-
tennas (26) being a frequency scan anten-
na and providing a limitation on bandwidth
to the incoming radiation, a separate pass-
band being associated with each orienta-
tion of a beam (78, 78A, 78B; 82, 82A, 82A’,
82B, 82B', 82C, 82C’, 82D, 82D') relative to
said frequency scanning antenna;

- a common microwave feeder (28) ;

- translation means connecting each of said
antennas (26) to said common microwave
feeder (28), said translation means offset-
ting a carrier frequency of incoming radia-
tion incident at each of said antennas (26)
to an intermediate frequency, said transla-
tion means outputting a different intermedi-
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ate frequency for each antenna to provide
a set of intermediate signals at specific in-
termediate frequencies for the respective
antennas (26), said common microwave
feeder (28) summing together said inter-
mediate signals to provide a sum signal;

- correlator means (30) coupled to said com-
mon microwave feeder (28) adapted to pro-
vide an autocorrelation of the sum signal;
and

- signal processing means (32) coupled to
said correlator means (30) for outputting a
measure of power of the incoming radiation.

Microwave radiometer (20) according to claim 1,
characterized in that said array of antennas (26)
is thinned by arranging the antennas (26) with a
nonuniform spacing, the spacings between the
respective antennas (26) being selected to pro-
vide for a set of nested interferometer baselines.

Microwave radiometer (20) according to claim 1,
characterized in that said translation means in-
cludes a set of microwave mixers (36), there be-
ing one of said microwave mixers (36) coupled to
each of said antennas (26), said translation
means further including a reference signal gener-
ator (38) for providing a set of reference signals
to said microwave mixers (36) for outputting sig-
nals of the respective antennas (26) at the re-
spective intermediate frequencies.

Microwave radiometer (20) according to claim 2,
characterized in that the difference between said
intermediate frequencies are proportional to the
spacings between the antennas (26).

Microwave radiometer (20) according to claim 1,
wherein said correlator means (30) comprises a
pair of tapped, preferably parallel delay lines (40,
42) with oppositely directed feed of signals, sig-
nals extracted from taps (62) of the respective
delay lines (40, 42) being paired, said correlator
means (30) further comprising a set of multipliers
(64) coupled to respective taps (62) of the tapped
delay lines (40, 42) for receiving paired signals,
each of said multipliers (64) outputting a product
of paired signals, said correlator including sets of
bandpass filters (66) wherein one of the sets of
bandpass filters (66) is coupled to each of said
multipliers (64) for separating component signals
of a product of each said multipliers (64), each
bandpass filter (66) outputting a component of a
product associated with a difference between the
two intermediate frequencies.

Microwave radiometer (20) according to claim 5,
characterized in that the signals outputted by re-
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spective ones of said bandpass filters (66) are
associated with a specific value of baseline of an
interferometer formed by two of said antennas
(26).

Microwave radiometer (20) according to claim 4
and 5 and 6.

Microwave radiometer (20) according to claim 1
wherein said correlator means (30) includes sets
of bandpass filters (66) for outputting correlation
signals associated with differences in intermedi-
ate frequencies between signals of respective
pairs of said antennas.

Microwave radiometer (20) according to claim 7
or 8, characterized in that said signal processing
means (32) comprises:

- means (68) coupled to the output terminals
of said correlator means (30) adapted to
synchronously demodulate signals of said
bandpass filters (66) ;

- means (70) for integrating output signals of
said demodulating means (68) ; and

- means (34; 90, 86, 92, 88) coupled to said
integrating means (70) for providing a Four-
ier transformation of signals outputted by
said integration means (70), said Fourier
transformation means (34; 90, 86, 92, 88)
outputting the power received by beams
(78, 78A, 78B; 82, 82A, 82A', 82B, 82B/,
82C, 82C’, 82D, 82D’) of said incoming ra-
diation, which beams (78, 78A, 78B; 82,
82A, 82A’, 82B, 82B', 82C, 82C', 82D,
82D’) are formed by said array of antennas
(26).

10. Microwave radiometer (20) according to any of

the preceding claims, characterized by means
(48, 50) adapted to amplify the sum signal.

Patentanspriiche

Mikrowellen-Radiometer (20), umfassend

- ein Array von Antennen (26), wobei jede An-
tenne (26) eine frequenzgesteuerte Anten-
ne ist und fir eine Begrenzung der Band-
breite der einkommenden Strahlung sorgt,
wobei jeder relativen Orientierung eines
Strahlungsbiindels (78, 78A, 78B; 82, 82A,
82A’, 82B, 82B’, 82C, 82C’, 82D, 82D’) zu
der frequenzgesteuerten Antenne ein ge-
sonderter Durchlabereich zugeordnet ist,

- eine gemeinsame Mikrowellen-Zuleitung
(28),

- Umsetzungsmittel, die jede der Antennen
(26) mit der gemeinsamen Mikrowellen-Zu-
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leitung (28) verbinden, wobei die Umset-
zungsmittel eine Tragerfrequenz der ein-
kommenden Strahlung, die auf jede der An-
tennen (26) trifft, auf eine Zwischenfre-
quenz versetzen, wobei die Umsetzungs-
mittel eine unterschiedliche Zwischenfre-
quenz fir jede Antenne ausgeben, um ei-
nen Satz von Zwischensignalen bei fiir die
jeweiligen Antennen (26) spezifischen Zwi-
schenfrequenzen bereitzustellen, wobei
die gemeinsame Mikrowellen-Zuleitung
(28) die Zwischensignale zur Erzeugung ei-
nes Summensignals aufsummiert,

- Korrelatormittel (30), die mit der gemeinsa-
men Mikrowellen-Zuleitung (28) gekoppelt
sind und dazu angepalit sind, eine Autokor-
relation des Summensignals zu erzeugen,
und

- Signalverarbeitungsmittel (32), die an die
Korrelatormittel (30) gekoppelt sind, um ein
MaR fir die Leistung der einkommenden
Strahlung auszugeben.

2. Mikrowellen-Radiometer (20) nach Anspruch 1,

dadurch gekennzeichnet, daR das Array von An-
tennen (26) dadurch ausgediinnt ist, daR die An-
tennen (26) in einem uneinheitlichen Abstand an-
geordnet sind, wobei die Abstande zwischen den
jeweiligen Antennen (26) so ausgewdhlt sind,
daR fiir einen Satz verschachtelter Interferome-
ter-Basislinien gesorgt wird.

Mikrowellen-Radiometer (20) nach Anspruch 1,
dadurch gekennzeichnet, dall die Umsetzungs-
mittel einen Satz von Mikrowellenmischern (36)
umfassen, wobei an jede der Antennen (26) einer
der Mikrowellenmischer (36) gekoppelt ist, und
wobei die Umsetzungsmittel weiter einen Refe-
renzsignalgenerator (38) umfassen, um die Mi-
krowellenmischer (36) mit einem Satz von Refe-
renzsignalen zu versorgen, um Signale der jewei-
ligen Antennen (26) bei den jeweiligen Zwischen-
frequenzen auszugeben.

Mikrowellen-Radiometer (20) nach Anspruch 2,
dadurch gekennzeichnet, da die Differenz zwi-
schen den Zwischenfrequenzen proportional zu
den Absténden der Antennen (26) ist.

Mikrowellen-Radiometer (20) nach Anspruch 1,
bei dem die Korrelatormittel (30) ein Paar
angezapfter, vorzugsweise paralleler Verzdge-
rungsleitungen (40, 42) mit entgegengesetzt ge-
richteter Zufuhr von Signalen umfassen, wobei
von Anzapfungen (62) der jeweiligen Verzoge-
rungsleitungen (40, 42) herausgezogene Signale
gepaart sind, wobei die Korrelatormittel (30) wei-
ter einen Satz von Multiplizierern (64) umfassen,
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die an die jeweiligen Anzapfungen (62) der
angezapften Verzégerungsleitungen (40, 42)
zum Empfangen gepaarter Signale gekoppelt
sind, wobei jeder der Multiplizierer (64) ein Pro-
dukt von gepaarten Signalen ausgibt, wobei der
Korrelator Sitze von Bandpalfiltern (66) um-
falt, wobei mit jedem der Multiplizierer (64) einer
der Satze von Bandpalifiltern (66) gekoppelt ist,
um Komponentensignale eines Produkts jedes
Multiplizierers (64) zu separieren, wobei jeder
Bandpaffilter (66) eine Komponente eines Pro-
dukts ausgibt, das einer Differenz zwischen den
beiden Zwischenfrequenzen zugeordnet ist.

Mikrowellen-Radiometer (20) nach Anspruch 5,
dadurch gekennzeichnet, dal die von einem je-
weiligen der Bandpaffilter (66) ausgegebenen
Signale einem bestimmten Wert der Basislinie ei-
nes durch zwei der Antennen (26) gebildeten In-
terferometers zugeordnet sind.

Mikrowellen-Radiometer (20) nach Anspruch 4
und 5 und 6.

Mikrowellen-Radiometer (20) nach Anspruch 1,
wobei die Korrelatormittel (30) Satze von Band-
paRfiltern (66) zum Ausgeben von Korrelations-
signalen umfassen, die Zwischenfrequenz-Diffe-
renzen zwischen Signalen von jeweiligen Paaren
der Antennen zugeordnet sind.

Mikrowellen-Radiometer (20) nach Anspruch 7
oder 8, dadurch gekennzeichnet, daR die Signal-
verarbeitungsmittel (32) folgendes umfassen:

- Mittel (68), die an die Ausgangsanschliisse
der Korrelatormittel (30) gekoppelt sind und
dazu angepalit sind, synchron Signale der
BandpalRfilter (66) zu demodulieren,

- Mittel (70) zum Integrieren von Ausgangssi-
gnalen der Demodulationsmittel (68), und

- an die Integrationsmittel (70) gekoppelte
Mittel (34; 90, 86, 92, 88) zum Liefern einer
Fouriertransformation von durch die Inte-
grationsmittel (70) ausgegebenen Signa-
len, wobei die Fouriertransformationsmittel
(34; 90, 86, 92, 88) die von Strahlungsbiin-
deln (78, 78A, 78B; 82A, 82A’, 82B, 82B/,
82C, 82C’, 82D, 82D’) der einkommenden
Strahlung empfangene Leistung ausge-
ben, wobei die Strahlungsbiindel (78, 78A,
78B; 82A, 82A', 82B, 82B’, 82C, 82C’, 82D,
82D’) von dem Array der Antennen (26) ge-
bildet werden.

10. Mikrowellen-Radiometer (20) nach einem der

vorhergehenden Anspriiche, gekennzeichnet
durch Mittel (48, 50), die dazu angepalit sind, das
Summensignal zu verstarken.
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Revendications

1.

Radiométre micro-onde (20) comprenant :

- un réseau d’antennes (26), chacune des
antennes (26) étant une antenne a balaya-
ge par la fréquence et produisant une limi-
tation de la largeur de bande du rayonne-
ment entrant, une bande passante séparée
étant associée a chaque orientation d’un
faisceau (78, 78A, 78B; 82, 82A, 82A/, 82B,
82B’, 82C, 82C’, 82D, 82D’) par rapport a
cette antenne a balayage par la fréquence;

- un dispositif d’alimentation d’antenne mi-
cro-onde commun (28);

- des moyens de transposition connectant
chacune des antennes (26) au dispositif
d’alimentation  d’antenne  micro-onde
commun (28), ces moyens de transposition
décalant vers une fréquence intermédiaire
la fréquence porteuse du rayonnement en-
trant qui arrive a chacune des antennes
(26), ces moyens de transposition fournis-
sant en sortie une fréquence intermédiaire
différente pour chaque antenne, de fagon a
produire un ensemble de signaux intermé-
diaires a des fréquences intermédiaires
spécifiques pour les antennes respectives
(26), le dispositif d’alimentation d’antenne
micro-onde commun (28) additionnant en-
semble les signaux intermédiaires pour pro-
duire un signal de somme;

- des moyens corrélateurs (30) couplés au
dispositif d’alimentation d’antenne micro-
onde commun (28) et congus pour fournir
une autocorrélation du signal de somme; et

- des moyens de traitement de signal (32)
couplés aux moyens corrélateurs (30) pour
fournir en sortie une mesure de la puissan-
ce du rayonnement entrant.

2. Radiométre micro-onde (20) selon la revendica-

tion 1, caractérisé en ce que le réseau d’antennes
(26) est réduit en disposant les antennes (26)
avec un écartement non uniforme, les écarte-
ments entre les antennes respectives (26) étant
sélectionnés de fagon & donner un ensemble de
lignes de base d’interférométres emboitées.

Radiométre micro-onde (20) selon la revendica-
tion 1, caractérisé en ce que les moyens de trans-
position comprennent un ensemble de mélan-
geurs micro-ondes (36), avec l'un des mélan-
geurs micro-ondes (36) couplé a chacune des an-
tennes (26), ces moyens de transposition
comprenant en outre un générateur de signal de
référence (38) pour appliquer un ensemble de si-
gnaux de référence aux mélangeurs micro-ondes
(36), afin de fournir en sortie des signaux des an-
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tennes respectives (26) aux fréquences intermé-
diaires respectives.

Radiométre micro-onde (20) selon la revendica-
tion 2, caractérisé en ce que les différences entre
les fréquences intermédiaires sont proportion-
nelles aux écartements entre les antennes (26).

Radiométre micro-onde (20) selon la revendica-
tion 1, dans lequel les moyens corrélateurs (30)
comprennent une paire de lignes a retard a prises
(40, 42), de préférence paralléles, avec des direc-
tions d’introduction de signaux opposées, des si-
gnaux extraits a partir de prises (62) des lignes
a retard respectives (40, 42) étant associés par
paires, les moyens corrélateurs (30) comprenant
en outre un ensemble de multiplieurs (64) cou-
plés a des prises respectives (62) des lignes are-
tard a prises (40, 42) pour recevoir des signaux
associés par paires, chacun de ces multiplieurs
(64) fournissant en sortie un produit de signaux
associés par paires, les moyens corrélateurs
comprenant des ensembles de filtres passe-ban-
de (66) dans lesquels I'un des ensembles de fil-
tres passe-bande (66) est couplé a chacun des
multiplieurs (64) pour séparer des signaux de
composantes d’'un produit de chacun des multi-
plieurs (64), chaque filtre passe-bande (66) four-
nissant en sortie une composante d’'un produit
qui est associée a une différence entre les deux
fréguences intermédiaires.

Radiométre micro-onde (20) selon la revendica-
tion 5, caractérisé en ce que les signaux qui sont
fournis par des filtres passe-bande (66) respec-
tifs sont associés a une valeur spécifique de li-
gne de base d’'un interférométre formé par deux
des antennes (26).

Radiométre micro-onde (20) selon les revendica-
tions 4 et 5 et 6.

Radiométre micro-onde (20) selon la revendica-
tion 1, dans lequel les moyens corrélateurs (30)
comprennent des ensembles de filtres passe-
bande (66) pour fournir en sortie des signaux de
corrélation qui sont associés a des différences
de fréquences intermédiaires entre des signaux
de paires respectives des antennes.

Radiométre micro-onde (20) selon la revendica-
tion 7 ou 8, caractérisé en ce que les moyens de
traitement de signal (32) comprennent :

- des moyens (68) couplés aux bornes de
sortie des moyens corrélateurs (30) et
congus pour démoduler de maniére syn-
chrone des signaux des filtres passe-ban-
de (66) ;
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- des moyens (70) pour intégrer des signaux
de sortie des moyens de démodulation
(68) ; et

- des moyens (34; 90, 86, 92, 88) couplés aux
moyens d’intégration (70) pour effectuer
une transformation de Fourier de signaux
émis par les moyens d’intégration (70), ces
moyens de transformation de Fourier (34;
90, 86, 92, 88) fournissant en sortie la puis-
sance regue par des faisceaux (78, 78A,
78B; 82, 82A, 82A’, 82B, 82B’, 82C, 82C/,
82D, 82D’) du rayonnement entrant, ces
faisceaux (78, 78A, 78B; 82, 82A, 82A,
82B, 82B', 82C, 82C’, 82D, 82D’ ) étant for-
més par le réseau d’antennes (26).

10. Radiométre micro-onde (20) selon I'une quelcon-

que des revendications précédentes, caractérisé
par des moyens (48, 50) congus pour amplifier le
signal de somme.
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